Leucine enkephalin effects on paracellular and transcellular permeation pathways across brain microvessel endothelial cell monolayers.
Leucine enkephalin (YGGFL) effects on markers for transcellular and paracellular permeation across the blood-brain barrier (BBB) were investigated in vitro with bovine brain microvessel endothelial cell (BMEC) monolayers in primary culture. Intact YGGFL, but not metabolites of YGGFL, stimulated BMEC uptake of lucifer yellow (LY), a marker for fluid-phase endocytosis, in a concentration-dependent manner. However, D-[Ala2]-leucine enkephalin (YAGFL), a YGGFL analogue that altered BMEC monolayer permeability, had no effect on LY uptake. In part, these results suggested that YGGFL's effects on fluid-phase uptake might not relate directly to enhanced BMEC transcellular permeability in the presence of the peptide. The measurement of the fluorescence anisotropy of membrane-bound diphenyl-hexatriene probes did not show substantial peptide-induced changes in membrane lipid packing order (i.e., membrane fluidity) and indicated a limited role for membrane perturbations in YGGFL-induced changes in BMEC monolayer permeability. Conversely, the apparent permeability coefficients showed size-dependent YGGL-induced alterations for passage of membrane-impermeant substances across BMEC monolayers. The apparent permeability coefficients of low-molecular-weight (low-mol-wt) molecules (mannitol, sucrose, and fluorescein) were increased on exposure to YGGFL. The apparent permeability coefficients for high-mol-wt molecules, FITC dextran conjugates (4, 20, and 71.6 Kd), were not affected by exposure to YGGFL. Transmission electron micrographs of lanthanum (Stoke's radius, 10 A) exclusion from BMEC intercellular junctions supported these observations. Collectively, results from this study suggest that YGGFL enhanced BMEC permeability either by altering paracellular openings or through formation of a small pore in the monolayers to allow preferential penetration of low-mol-wt or small molecular size (< 10 A) substances.